In cognitive science, working memory is a core cognitive ability that might be functionally related to other capacities, such as perceptual processes, inhibitory control, memory and attention processes and executive functions. The mathematical study of working memory has been explored before. However, there is not enough research aiming to study the relationship between working memory and inhibitory control. This is the objective of the present report. Bayesian hypothesis testing is often more robust than traditional p-value null hypothesis testing. Yet, the number of studies using this approach is still limited. A secondary objective of this paper is to contribute to fill that gap, as well as provide an empirical application of Bayesian hypothesis testing using cognitive and behavioral data. A within-subjects design was used to measure working memory function for three types of visual stimuli that varied in the degree of attentional interference they were designed to elicit. Data collected was contrasted with measurements of inhibitory control and analyzed using Bayes' theorem. Our results provide evidence against the theoretical relationship of working memory and inhibitory control. This outcome is analyzed in light of related cognitive research.
Introduction
Working memory is a cognitive process that has received the attention of a multitude of thinkers and researchers through the years (Cassel, Cassel, & Manning, 2013) . Working memory involves the capacity for maintaining and storing information for short periods of time. The information to maintain may come from visual and auditive sensory modalities mainly, but cognitive psychologist have interested in other forms of information (Baddeley, 2003) . The concept of working memory has been invented by Miller, Galanter and Pribram, but the leading theorist is A. Baddeley (Baddeley, 2017) .
Working memory is a type of memory used to process several cognitive operations. One of the models most used to describe it is the one proposed by Hitch in 1974 (Baddeley & Hitch, 1974) . The authors use empirical evidence to create a model that sees working memory as a dynamic system, a special kind of temporal buffer that both stores and processes information. In this model, there exist three components: a visuospatial sketchpad, dealing with visual information; a phonological loop in charge of the linguistic information; these two components are for storing information. A central executive component, working as a control system complete the model. Recently, a forth component, called episodic buffer has been added, as an interface between long term and working memory (Baddeley, 2003) .
The working memory (WM from now on) research has been driven by theory. At first, scientific discussion regarding memory focused on whether it was a single capacity or multiple ones; the first position saw memory as an unitary capacity that handled all tasks related to retention and retrieval of information, the second point of view theorized the existence of several types of memory, which were independent to each other and were divided according to the type of functions they carried out; evidence obtained through the years has supported this last posture (Atkinson & Shiffrin, 1968; Repovš & Baddeley, 2006) However, because memory is a double storing and processing function cognitive capacity, it is not clear at the present how much of these functions, or in what degree memory works together with other cognitive capacities, hence facilitating the processing; or if memory is an independent and unrelated process, coming along with different cognitive processes, as attention or inhibitory control. For this reason, two different approximations exist when it comes to the study of WM (Baddeley, 1992) : the first approximation tries to find the relations between WM and other cognitive capacities, the second approach tries to analyze the WM structure as a cognitive system. Supporters of the first approximation state that information to be retained may come with irrelevant, distracting or conflicting information, hence a cognitive system for suppressing these is needed. This system has been identified as inhibitory control (Dempster, 1991) . The debate is about what comes first, WM or inhibitory control? Are they related? For A. Diamond, both WM and inhibitory control are interrelated executive functions. The statement of Diamond subordinates the cognitive maturation and development to inhibitory control however . For example, she quoted a longitudinal study by Moffitt, remarking the relevance of inhibitory control in cognitive development (Moffitt et al., 2011) . Both cognitive processes are interrelated in early childhood -until 8 years-, however, but are separated during late childhood and early adolescence (Shing, Lindenberger, Diamond, Li, & Davidson, 2010) .
In the same vein, N. Duell and collaborators have studied the Stroop task in its inhibition component, by the manipulation of incongruent trials; and the WM by the low proportion of incongruent trials in a large sample of adolescents (Duell et al., 2018) . The results prove a high correlation between inhibitory control accuracy and working memory; however, when using the response time, it seems that inhibitory control are affected by the memory load in adults.
This effect was reported in children by Diamond (Wright & Diamond, 2014) . If the WM load is kept constant, but variations in incongruent trials are made, hence children make more errors.This results are representative of the influence inhibitory control in accuracy of memory task during childhood.
Supporters of the second approximation take the initial concept of WM from Miller, Galanter and Pribram (Miller, Galanter, & Pribram, 1960) arguing for WM to be a part of a more complex and extended process related to goals or Plans (Beaman, 2010) . A second form of this approach argues in favor of an cognitive system from which WM emerges . This approximation conceives WM as dedicated system which is embedded into an extended cognitive structure (Cowan, 1988; 1999) . This system has been identified as the executive attention (Engle, 2002) .
We can show two interesting things about the second approximation. First, it seems that inhibitory control is a separable cognitive process, which do not influences WM. This is showed by the investigation of Borella, Carretti and De Beni (Borella, Carretti, & De Beni, 2008) . These authors assessed accuracy on WM task, both in visual and verbal modalities, as well as in verbal inhibitory tasks in adult subjects. Their first analysis aimed to correlate age with accuracy; the second a regression showed correlation between age and WM, meaning that this cognitive process decline with age. At the same time, inhibition do not have the same results, because inhibition correlates with age in older, but not in younger adults. Hierarchical analysis confirm the low rate influence of inhibition on memory.
In second place, WM is a general cognitive capacity, under which some components may be identified. Carriedo and collaborators (Carriedo, Corral, Montoro, Herrero, & Rucian, 2016) , showed differences in updating information (WM) until fifteen years old; inhibition showed changes until young adulthood however. Two main components emerged from this study: an active maintenance/suppression of information vs. a control of proactive interference. In the same vein, Redick and collaborators showed no relationship between WM and inhibition (Redick, Calvo, Gay, & Engle, 2011) . The WM capacity hence is related to the hypothesis of the differences of memory between individuals. The WM is part of an attentional account in which the maintenance and retrieval of information depends on the velocity of subjects' processing, but not merely on the interference-rich (inhibitory) of situations.
The present paper takes a posture in between both approximations. Using simple Bayesian modeling we explore the relationship between working memory and inhibitory control, and their interaction in relation to the presence of visual noise during a working memory task. We assessed subjects in order to identified high inhibitors from low ones. Then, we assessed the visual working memory (vWM from now on) in a three conditions paradigm.
Methods and Materials

Sample
Data analyzed in the present paper were collected from 30 undergraduate students, whom provided voluntary informed consent and authorized the usage of data obtained from their participation. The notation will be used to refer to each one of the participants, while represents any random participant. Additionally, ijps.ccsenet.org
International Journal of Psychological Studies Vol. 10, No. 4; half of the participants are denoted (High inhibitory control), and the other half (Low inhibitory control). This denomination is assigned according to their scores on a "Go/No-no" task (Gomez & Perea, 2007) and a median split of said scores (Iacobucci, Posavac, Kardes, Schneider, & Popovich, 2015) .
Experimental Conditions
In the present paper three stimulus types: a control and two test conditions, that vary in the degree of visual interference present were applied, for assessing visuospatial working memory (vWM).
, which represent the type of stimulus used. In condition the stimuli used consisted of 4 black irregular polygons, without a background figure; this is the control condition. In condition the stimuli used consisted of 4 black irregular polygons, with a thick gray line forming the perimeter of a square. In condition the stimuli were 4 black polygons as in the previous conditions, with a background figure consisting of an irregular polygon. (see figure  1) . Figure 1 . Alpha, beta, and gamma experimental conditions.
Experimental Blocks and Design
An experimental block, denoted is a series of trials under an experimental condition . Each volunteer performed tasks in an experimental block of each condition, following a repeated measures design. Working memory measurements were obtained using a change detection task. One trial of this task is denoted , and it belongs to an experimental block .
(1)
In the present paper . Additionally, contains for every trial correct answers and responses given by the experimental subject, these responses are denoted by . Finally, each experimental block contains a result given by the combination of and , as is shown in (8). It follows that:
In every within an experimental block , a subject denoted by is shown an stimulus for 1.5 seconds on a computer screen, at the end of this period of time, the computer screen remains blank for another 1.5 seconds after which is shown a second stimulus . must then produce a response . if declares that , if declares that . Each has a correct answer , which is given by the equation:
Each has a different result depending on the combination of and :
ijps Vol. 10, No. 4; (8)
Where denotes a correct rejection (lack of change detected), denotes a hit (change identified), denotes a miss (failed to detect a change that was present), and denotes a false alarm (change detected when it is not present). It follows that for each , there is a . For each , a participates in an experimental block for each of the experimental conditions, in such way that for and index , the corresponding experimental block is denoted
. From the participation of in each the number of correct responses is obtained, this amount is denoted as , and it is calculated as:
Where . Experimental blocks were presented to each subject following a balanced Latin square, as shown in Figure 2 . Figure 2 . Latin square of the experimental design. Each row represents the chronological order of participation in each of the three conditions. There were 6 possible configurations in which a participant would perform the tasks in each block. Subjects were randomly assigned to one of the 6 configurations.
Data Processing
Data obtained from the experiment was analyzed using the statistical environment R (Team, 2011).
Probabilistic Modeling
Inhibitory control ability is denoted , and every has their own correspondent , where -Using a median split, half of the are categorized has having high inhibitory control, in which case ; the other half is categorized as having low inhibitory control, in which case . Inhibitory control can be then modeled as a Bernoulli variable, where and , so for every experimental condition there is a binomial distribution . Using the same notation from equation 9, and are given by:
(12) This same modeling style was used to evaluate the effect of the experimental conditions over working memory, ijps.ccsenet.org International Journal of Psychological Studies Vol. 10, No. 4; defining a Bernoulli variable depending on the experimental condition from which a correct response was obtained, in such way that for a correct response under this condition will be coded as 1 while a correct response obtained under the condition will be coded as 0, resulting in a distribution . Regarding the condition, the same logic can be applied resulting a distribution .
(18)
Bayesian Inference
For each experimental condition the posterior probability of 9 models was evaluated using Bayes' theorem (Stone, 2006) : (19) represents the prior probability of each model. With respect to the evaluated models, these were created using binomial distributions . was calculated using the equation: Three possible hypotheses were formulated for each experimental condition: The first hypothesis supposed both inhibitory control groups had the same probability of responding correctly to the task and was denoted ; the second hypothesis supposed had a larger probability of responding correctly to the task when , this hypothesis was denoted ; lastly, the third hypothesis supposes has a larger probability of answering correctly to the task when , this hypothesis was denoted . For the parameter was evaluated. For the parameters were evaluated. Finally, for the parameters were evaluated.
For the prior probability the same weight was assigned to two possibilities:
1.-There is an effect of inhibitory control ( ), p = 0.5.
2.-There is no effect of inhibitory control ( ), p = 0.5.
With respect to possibility number 1, the same probabilistic weight was given to both hypotheses, in such way that and , Meanwhile, each model was assigned an equal proportion of its corresponding hypothesis (p = 0.0625). The prior probability of each of the nine models can be observed in Note. Each column represents one of the 9 values used as parameter for the models, shown in the first row. Second row contains the prior for each model.
The same kind of inference was used to evaluate the effect of the experimental conditions where represents the absence of an effect of the experimental manipulation.
indicates a positive effect of the manipulation over working memory, and indicates a negative effect.
Results
For condition , the resulting distribution took the following parameters: 2387, 0.5081693
The model with the highest posterior probability was 0.5, with a probability of , Meanwhile, the rest of the models had an exceptionally small probability. These probabilities are shown in figure 5, both in their real scale (A) and logarithmic scale (B).
Under condition , the resulting distribution acquired the following parameters: 2343, 0.529236.
The model with the highest posterior probability was also 0.5, with . The probabilities of the different models are shown in Figure 6 (A), with their natural logarithm shown in (B). Finally, for condition , the distribution had the parameters: 2335, 0.5062099 Once again, the model with the highest posterior probability was 0.5, with . This model's probabilities are shown in figure 7. With the information obtained from the experiment, we updated the probabilities of our hypothesis in each condition: The probability of was updated and in the form of the posterior probability 0.5. To update the probability of , the posterior probabilities of 0.6, 0.7, 0.8, and 0.9 were added together. The updated probability of was also the sum of 0.1, 0.2, 0.3, and 0.4. The new probabilities for the different hypothesis are shown in table 2. 
Discussion
Under all experimental conditions the hypothesis with most plausibility given the data observed during the experiment, was . This indicates the absence of a relationship between inhibitory control and working memory. Our results are in line with those of Redick and collaborators (Redick et al., 2011) .However, these authors studied working memory in its phonetic manifestation, unlike our research. We do not take the attentional account for our results however.
In first place, we assessed young adults, in which clear differences between inhibitory control and WM has been reported (Shing et al., 2010; Wright & Diamond, 2014) . Our results may reflect a difference in cognitive processing developed by ontogeny. Our inhibitory Go/No-go task was made of complex polygons differing in color; and our vWM task was base on complex gray black polygons with an interfering frame. In this context we can account for a lack of influences between processes. This absence of correlation may be related to the nature of stimuli, however.
In second place, it is possible that the relationship between working memory and inhibitory control is dependent on working memory's sensory channel. It is also possible that working memory is related mostly to attentional control (Kane, Bleckley, Conway & Engle, 2001) , and in turn, that this capacity itself is not related to inhibitory control for complex visual stimuli, like those used in our study. Regarding the experimental conditions, it has been previously shown that visual stimuli with different characteristics can be clustered together and retained as unitary entities (Luck & Vogel, 1997) . There is also evidence showing that the lesser the amount of entities retained in memory, the bigger the probability of answering correctly in working memory tasks (Cowan, 2001) . However, no effect of the experimental manipulation was found in the current research, which may indicates that the effect reported by Luck and Vogel has a limit regarding the area in the visual field in which different entities may be clustered (Luck & Vogel, 1997) . Otherwise, the four polygons we shown to subjects would have been clustered in at least one of the experimental conditions, which in turn would imply a bigger probability of emitting a correct response (Cowan, 2001 ).
In our study, Go/No-go task could assess motor inhibition (Friedman & Miyake, 2004) , and vWM experimental conditions probably not assessed a motor domain. This interpretation may reflect a stimulus-driven load (remarking items characteristics and spatial position of the target stimuli) for the vWM task, which probably is a different process from the memory-driven inhibition (recalling the instruction for which to respond or not to the stimuli) in the Go/No-go task. This agree with the results in a recent study by Barret and collaborators (Barrett, Shimozaki, Jensen, & Zobay, 2016) showing that the relationship between inhibitory control and WM may work together to reduce interfering information and enhance accuracy rates.
In our Bayesian modeling for the relationship between inhibitory control and WM, for both experimental conditions ( , ) the hypothesis with greater posterior probability was the null hypothesis . This not necessary mean a rejection to the approach for which inhibitory control influence WM however. We must recall that previous studies have shown that in young adult behavioral data, like those subjects in our study, both cognitive processes memory and inhibition can be distinguished (Shing et al., 2010) .
Our results do not lead to accept the WM like an embedded process of a large independent cognitive system however. It may be that we could not confirm a positive relationship between processes because of the variables of our study task. In this case, We are aware that further research that may include visual and auditory modalities of wMT, as well as forms of interactions with inhibitory demands; and cognitive forms of inhibitory control testing should be undertaken to confirm the veracity of our results, by using a Bayesian analysis.
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